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ABSTRACT
The care of the elderly is complex, with multiple agencies
and individuals involved. We propose a new way of devel-
oping an ontology to reflect these aspects within a real-time
home monitoring system so that it captures real-life circum-
stances and interactions. Our new methodology incorpo-
rates iterative and evaluative stages to ensure the ontology
captures implementable interactions and concepts. We have
applied it to the iCarer project which was developed to as-
sist informal carers with the activities of daily care for the
elderly.
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Categories and Subject Descriptors
E.2 [Data]: Data Storage Representations; I.6.1 [Simulation
and Modeling]: Simulation Theory; J.3 [Life and Med-
ical Sciences]: Health; J.4 [Social and Behavioral Sci-
ences]: Psychology
1. INTRODUCTION
As the population ages, technology tries to fill the gaps
by automating the monitoring and alarms needed, and by
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providing support to the informal carers who are shoulder-
ing an increasing burden. The interaction of informal carers,
health organisations, formal carers, and health care profes-
sionals with the elderly becomes ever more complex, leading
to dangers of care aspects being missed, and informal carers
becoming overwhelmed.
To that end, we propose key activities to ensure that the
product of the methodology, the ontology, appropriately re-
flects the ecosystem of the elderly person’s care in ways that
can be recorded within a computer based system. These
activities act as checks on the ontology breadth and depth,
and may require us to remove interactions where they not
be possible to implement.
The rest of the paper is organised as followed: Section
2 presents existing works related to the paper and research
gap identification. Section 3 presents a novel method for
constructing multi-faceted ontologies. Details of the data
set used and experimental setup are presented in Section 4
which also discusses how it was applied to this situation.
Finally, conclusions are presented in Section 5.
2. RELATEDWORK
Ontologies have long been used to model information in
the domain of healthcare. For example, Evchina et.al. present
some related context-aware work on ontologies aimed at
manage information in smart homes and health services [1].
Hussain et al [2] present a user model for recognising ac-
tivities of daily living, and ACS-Ont is directed at the in-
door and outdoor services of an AAL system [3]. Kuziemsky
and Lau [4] point out that many of the difficulties associ-
ated with Healthcare Information Systems (HIS) relate to
poor articulation of user needs and a complex environment.
They question whether previous ontology development has
concentrated on the completeness and quality of its content
rather than its utility within a HIS. In comparison, for the
medical ontology field, Hu et. al. [5] claim that requirements
elicitation is a key stage to define the knowledge domain, and
that feedback loops can be addressed to refine imperfectness
Figure 1: The proposed method for building multi-faceted ontologies: Explore-Define-Reconcile-Retrench
(EDRR).
and enrich the core medical ontology with other relevant and
necessary terms.
The key tasks of concept formation and semantic anno-
tation of the knowledge domain in ontology engineering are
time-consuming and requiring of considerable expertise [6].
It is thus important that the tasks are embedded in a well-
formed process. Cristani [7] comments that most of the
HIS methodologies follow a sequence of requirements acqui-
sition, modelling concepts, and evaluation. Kuziemsky pro-
pose their own methodology which similarly follows these
stages, but includes the development of the HIS as the ve-
hicle for the evaluation. However there appears to be lit-
tle iteration in the HIS methodologies described, whereas
the discipline of software engineering as used for business
systems has long accepted that the ‘waterfall method’ is
not a cost-effective or timely methodology for incorporat-
ing changes to requirements that may be discovered during
the development [8],[9].
3. PROPOSED METHODOLOGY
Our methodology is based on the premise of some key
considerations that we believe are core to healthcare related
systems:
1. That there are likely to be multiple core entities within
the ontology, rather than the relatively simplistic on-
tologies that are expansions of attributes of a single
concept,
2. That these entities generally represent both organisa-
tions and individuals (this also requires representing
the hierarchical interaction of the individuals with the
organisation)
3. Relationships may be polymorphic and dynamic ie they
involve multiple entities rather than just binary re-
lationships, and the nature of the relationships may
change based on the states of the entities
4. The knowledge elicitation to generate the ontology needs
to explicitly acknowledge its multisourced nature, in
order to assist in the process of reconciling concepts
which are expressed differently by different stakehold-
ers.
In addition, when the ontology is incorporated directly
into a HIS system, it has to be implementable - that is, the
knowledge within it has to be capable of instantiation in
software.
The proposed method consists of four key stages as shown
in Figure 1: Explore, Define, Reconcile, and Retrench (EDRR).
• Explore - is the process by which information sources
are acquired and examined. As in any knowledge-
based process, the first stage is a wide ranging activity
of identifying stakeholders, interviewing and document
discovery and summarisation. The outputs of the ex-
plore phase will be a set of core concepts that can be
traced back to the information sources. This traceabil-
ity ensures that errors can be identified.
• Define - is the process whereby the relationships be-
tween the core concepts and to their subordinate con-
cepts are specified. By subordinates we mean those
aspects that only have meaning when considered in
the context of the core entities. The subordinates are
identified from the information sources by considering
each of the core concepts in turn and addressing the
environment around it, for related activities, entities
and processes.
Figure 2: Initial capture of domain information from Exploration stage.
• Reconcile - is the process whereby the core concepts
are brought back together and the links between them
examined carefully, to ensure that there are no missing
concepts - this may also give rise to the emergence of
new concepts. An important aspect of this phase is
examining situations where the links between the core
concepts are not simply binary i.e. where multiple
stakeholders and agencies are linked by some actions
or processes. These transitive relationships are more
difficult to capture but could be critical. Frequently,
health and care services are criticised when vulnerable
people ‘fall through the cracks’ and care is not appro-
priately transferred. This is an example of interactions
involving multiple stakeholders to achieve a goal.
• Retrench - is the point at which we decide whether
further iterations may be necessary. For the ontology
to be of use within a system, the entities and rela-
tionships have to be capable of being instantiated and
populated with dynamic data so that inferences might
be drawn. For example, a concept called ‘hygiene’ for
an ‘elderly person’, mediated via a ‘carer’ is not well
defined.So we either go round the cycle again and de-
fine hygiene more explicitly (eg into washing, bathing,
teeth cleaning) or remove it from our system. If there
is no way that these can be populated with instance
data due to lack of sensors, the retrenchment could
result in a decision that we would remove the unim-
plementable areas and stop the process.
4. APPLICATION OF METHODOLOGY
This section presents the details of the data sets and ex-
perimental setup used to evaluate the proposed EDRR, and
discussion of insights achieved by using the methodology.
4.1 Data Sets
We used the data collected in the iCarer project [10], from
stakeholders involved in elderly care i.e. older adults, infor-
mal carers, and care organizations. Brainstorming sessions
with social care support staff and interviews with informal
carers in various care situations were carried out. The infor-
mal carers’ characteristics and the technological feasibility
were taken into account when identifying users’ needs.
The first stage in EDRR is exploration where data sets,
information and knowledge are examined, extracted, and
analyzed for potential keywords and linkages. In order to
illustrate the processes, parts of the interview data below
are quoted:
“Managing own care tasks and the tasks and
visits of external services and professional care-
givers that take care of the elderly can be over-
whelming for some informal caregivers. An easy
to use planning tool for care tasks can make this
more easy for the informal caregiver.”
“Many informal caregivers have trouble sleep-
ing due to excessive 24/7 care tasks, stress or
worries about the situation. Keeping good track
on the sleep patterns and stress levels will enable
a tool to give advice to the informal caregiver
on how he can improve his sleeping pattern and
coop with stress or worries. This will increase the
health and quality of life of the informal caregiver
which will in turn lead to better care capabilities
of the informal caregiver.”
“Informal caregivers often treat their elderly
based on their own previous experience and skills,
not from professional education or care experi-
ence. Care for the elderly could improve greatly
Figure 3: Diagram to illustrate some key concepts and defined entities.
if the informal caregiver receives sufficient feed-
back and education on how they should perform
their care tasks.”
4.2 Exemplar Situation
John is an older adult who lives at home with his wife Jane
whom is his main carer. He can carry out most of his daily
activities normally, but requires some assistance with gro-
cery shopping, meals preparation, and bathing. Jane helps
with those activities except for grocery shopping which is
performed by their son, Joe. Joe shops and delivers the gro-
cery to his parents every Saturday. Jane wants a system
that allows her to monitor her husband, and also enables
her to see all the care he receives. Joe wants a system to
see what care task he has to provide. Jane also thinks it
is a good idea if she can communicate with other informal
carers and sends useful care topic/lessons. A formal carer
from city council wants to be able to assign care tasks to
informal carers to maintain care quality in the home.
4.3 Using EDRR
As a result of the information gathered during the Explo-
ration stage, many concepts were identified including people,
care plan, learning, and monitoring. This initial understand-
ing of the domain is shown in Figure 2. Terms and relation-
ships were then extracted from available data sets related
to these concepts. For example, extracted terms related to
the ‘people’ concept are professional carer, informal carer,
older adult, and external provider. To help to assess the in-
formation gathered, exemplar situations were created, and
used to test the concepts and entities developed through the
methodology
In the Define stage, the core concepts were expanded with
relevant entities. Figure 3 illustrates how the outline of the
domain was expanded by this addition. During the execu-
tion of the Define stage, several intermediary entities were
identified. The intermediary entity refers to the entity which
mediates between two entities. In a normal sentence with a
structure of subject-verb-object, an ontology can be easily
modelled using classes and object properties terminologies.
For example, “A carer can care for one or more older adults”
can be modelled as Carer caresFor OlderAdult. However,
with an intermediary entity, a sentence is complex and mod-
elling is not as straightforward. Examples involving inter-
mediary entities are:
“A formal carer assigns a care task to an in-
formal carer.”
“An informal carer sends a care topic to an-
other informal carer.”
In order to model these intermediary entities, we follow
three steps:
1. identify the intermediary entity,
2. construct a single sentence for the intermediary entity
by using the intermediary entity as the main subject,
3. model each single sentence generated in step 2.
Figure 4: Modelling intermediary concepts: ontology versus data perspectives.
For example, using the first sentence from the above state-
ments, the intermediary entity is CareTask. Using afore-
mentioned technique, the single sentences are “A care task
is assigned by a formal carer” and “A care task is assigned to
an informal carer”. These sentences can be modelled using
three classes: CareTask, FormalCarer, InformalCarer, and
the care task has object properties: isAssignedBy and isAs-
signedTo (See Figure 4A). Considering the second sentence
in the intermediary entity examples, one can easily mistake
a care topic as an intermediary entity. If the care topic is
used as the intermediary entity, the resulted model will not
be able to cope when more than one carer sends the same
care topic to other carers. It will not be possible to distin-
guish who sends the topic to whom. Therefore, a new inter-
mediary entity needs to be created. If we look at the data
perspective of the intermediary entity using the care topic
as the intermediary entity (Figure 4B), it can be seen that
the relationships are many-to-many. This indicates that an
additional term is required to mediate between these enti-
ties. This evaluation of the relationships formed part of the
Reconcile stage, which ensured that the entities and terms
could be appropriately related.
The Retrench stage is used to ensure that the process is
suitably realistic. For example, the ‘Monitoring’ concept was
originally expanded with entities such as blood pressure, res-
piratory rate etc.. These were not applicable in the intended
application due to technology limitations. Such entities are
removed during the retrench stage to make sure that the
remaining entities were relevant to the targeted application
and could be populated with live data for inferencing.
As a result of applying the methodology, the ontology was
built using Prote´ge´ software. Figure 5 shows a small aspect
of the ontology as developed, populated by simulated data
instances relating to the case study, to evaluate its fitness
for purpose. As seen in this fragment, the care tasks such as
shopping (which would be specified as part of the care plan)
are associated with the informal carer and the elderly person,
though they may be allocated to multiple carers depending
on the circumstances as discussed above. The detailed anal-
ysis and design of the relationships between these concepts
in the ontology that has occurred as a result of our applica-
tion of EDRR ensures that we can correctly represent these
Figure 5: Sample of Prote´ge´ implementation of ontology.
and allocate data instances and events appropriately.
5. CONCLUSION
Developing an assistive living system involved very differ-
ent stakeholders such as older adults, carers, policy makers,
service providers with different needs and expectations. It is
important that systems for this area can fully take account of
these differences, and catch the potential misinterpretations
before they get embedded into the technology. The example
discussed in Section 4.3 shows how the proposed techniques
assist in solving potential problems from multiple stakehold-
ers and intermediary concepts. The reconcile stage requires
key concepts to be rechecked which can help identify new
concepts or linkages. The iteration of the stages allow the
ontology to be debugged to make sure it only contains terms
that are useful in the live system. We have found that using
a systematic and formalised process, with explicit iteration,
allowed the identification of potential problems and also gave
confidence that the ontology could be successfully populated
with data from the users. Further work will use the system
and data instantiated within its nodes to draw inferences
about activities and problems.
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